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© An apparatus for superplastic forming and ejection of an aluminium part from a die. 



© An apparatus for superplastic forming of metallic 
workpieces and, more particularly, aluminum work- 
pieces is disclosed. The apparatus includes a 
mechanism for ejecting the workpiece from the die 
upon completion of the superplastic forming pro- 
cess. A steel liner covers the surface of the die 
cavity, and the workpiece is formed against the liner 
(which acts as a die surface). The steel liner has 
high temperature resistance at superplastic forming 
temperatures providing it with sufficient rigidity to 
enable it to be removed from the cavity at or near 
superplastic forming temperatures while still retain- 
ing its shape and that of the formed workpiece which 
it supports. In one embodiment a cam operated 
5! e j 0Ction mechanism pushes the liner from the die 
^cavity surface as desired at the end of the super- 
C0 plastic forming process. In another embodiment the 
^Jdte ' s provided with apertures through which pres- 
surized gas is directed toward the liner pushing the 
liner away from the die cavity surface. 
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AN APPARATUS FOR SUPERPLASTIC FORMING AND EJECTION OF AN ALUMINUM PART FROM A DIE" 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is in the field of super- 
plastic forming of metallic workpieces and, more 
particularly, to workpieces composed of aluminum. 



2. Description of the Prior Art 

Superplastic metals are known in the art as 
materials that provide the strength of conventional 
metals and the elongation and formabiiity char- 
acteristics of conventional plastic materials. How- 
ever, at superplastic forming temperatures, the me- 
tallic workpieces may warp and/or distort if re- 
moved from the die or otherwise handled without 
proper support Thus, prior art devices and super- 
plastic forming systems typically require that the 
metallic workpiece be allowed to cool before han- 
dling or removal from the die. 

Many prior art systems seek to facilitate re- 
moval of the workpieces from the die by making 
the die with a relatively high degree of draft. The 
draft tends to prevent the workpiece from fitting too 
snugly within the die cavity causing binding at 
some of the edges or corners and impeding re- 
moval therefrom. Without a draft the workpiece 
would have to be pulled straight up out of the die 
with the sides of the workpiece in sliding contact 
with the sides of the die. Thus, a relatively high 
degree of draft allows the part to be more easily 
slipped out of the die cavity. However, using such 
a high degree of draft in the die necessarily places 
important limitations on the shape of the die and on 
the shape that the die may impart to the workpiece. 

Another prior art system incorporates a two 
piece die one of .which is provided with an ap- 
erture. After a workpiece is superplastically formed 
in the die cavity between the pieces, a vacuum is 
applied at the aperture to draw the workpiece up 
against one of the die halves. The vacuum holds 
the workpiece against the die half so that the upper 
die half can be lifted from the lower die half carry- 
ing the workpiece with it However, the disadvan- 
tage with this system is that support is not pro- 
vided at all points of the workpiece surface adja- 
cent the upper die half. Moreover, the entire upper 
die half and workpiece must be cooled before the 
die can be reused to superplastically form another 
workpiece. Two examples of such a prior art sys- 
tem are discosed in U.S. Patent Nos. 4,381,657 
and 4,502,309 both to Hamilton. 
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Other prior art devices have used suitably posi- 
tioned pins to eject the workpiece from the die 
after completion of the superplastic forming pro- 
cess. The pins are mounted in the die and abut the 
workpiece. When actuated, the pins push the work- 
piece away from the die. However, a major dis- 
advantage with this prior art system is that if the 
pins are actuated when the workpiece is too hot, 
the pins may puncture or otherwise damage the 
workpiece. In addition, with such systems the work- 
piece must be of a sufficient thickness to withstand 
the force imparted by the moving pins. Conse- 
quently, due to these limitations in use, the pin 
ejection system is only of marginal benefit in re- 
moving a workpiece from a die. 

Still other prior art systems have attempted to 
facilitate removal of the workpiece from the die by 
positioning the die member containing the cavity 
upside down. Thus, at the end of the superplastic 
forming process when the lower die member is 
separated from the upper member, the workpiece 
can simply fall out of the die cavity. As with the 
other prior art devices described herein above, this 
system must also allow the workpiece to cool be- 
fore separation from the die in order to avoid 
warpage and/or damage to the workpiece caused 
by' excessive handling or premature removal from 
the die. Thus, since the workpiece must be allowed 
to cool before removal, the production time for 
superpiastical forming using this prior art system is 
inordinately long. 

In conclusion, since support is needed for the 
workpiece while it is still in a superplastic state to 
prevent warpage and distortion, prior art systems 
currently in use typically require the superplastical- 
ly formed part to cool to a substantial degree while 
still within the die. Consequently, using prior art 
systems, production of superplastically formed 
parts requires that the entire die and workpiece. 
together be allowed to cool down before the work- 
piece may be handled separate therefrom. The 
cooling down period may be inordinately long if the 
die and workpiece are very large and hold a lot of 
heat energy. Thus this required cooling off period 
results in relatively long production times required 
to superplastically form a desired part. 



SUMMARY OF INVENTION 

It is a principal object of the present invention 
to provide a die cavity liner which provides support 
to the workpiece when both the liner and workpiece 
together are removed from the die cavity. 
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It" is an object of the present invention to pro- 
vide a means for supporting a workpiece while it is 
at or near superplastic forming temperatures and 
separated from the die. 

It is another object of the present invention to 
provide a means for ejecting a workpiece from a 
die after completion of the superplastic forming 
process. 

It is still another object of the invention to 
provide a superplastic forming apparatus which al- 
lows the incorporation of a die with a minimal 
degree of draft. 

It is also another object of the present invention 
to provide a superplastic forming apparatus which 
can expedite the superplastic forming production 
process. 

The system of the present invention is a super- 
plastic forming apparatus which incorporates a heat 
resistant liner for the die cavity surface. The liner 
alone provides enough support for the workpiece to 
allow the workpiece to be earned therein when the 
liner is removed from the die cavity upon comple- 
tion of the superplastic forming process. Thus, 
since the workpiece can be removed from the die 
immediately after completion of the superplastic 
forming process, an important advantage of the 
system is that it allows the die to be immediately 
used to superplastically form another workpiece 
without having to be reheated to a significant de- 
gree: 

-The apparatus of the present invention also 
incorporates a means for ejecting the liner and the 
workpiece together from the die. An important fea- 
ture of the present invention is that it enables the 
workpiece to be quickly ejected from the die at 
completion of the superplastic forming process 
thereby greatly expediting the production process. 

Generally, the system of the invention includes 
a die having a liner covering the die cavity surface. 
The workpiece is placed on the surface of the liner 
rather than directly on the surface of the die cavity. 
The liner is composed of steel or other material 
which can withstand the high temperatures of 
superplastic forming while still retaining its rigidity. 
Because it retains its rigidity, it can provide suffi- 
cient support to the workpiece at high temperatures 
to enable the liner and workpiece to be removed 
together as a unit from the die cavity immediately 
upon completion of the superplastic forming pro- 
cess. Consequently, another workpiece can be po- 
sitioned within the die immediately after the first 
workpiece has been superplastically formed before 
the die has cooled appreciably. Minimum heat en- 
ergy is lost between the superplastic forming of 
successive workpieces. This helps to minimize the 
energy expenditure otherwise required for the 
superplastic forming production process. In addi- 
tion, prompt removal of the workpiece - after super- 



plastic forming thereof minimizes the amount of 
time between superplastic forming of one work- 
piece and ' initiation of the superplastic forming of 
the next successive workpiece thereby expediting 
5 the entire production process. 

Since the workpiece superplastically forms 
against the die at the high superplastic forming 
temperatures, this results in a tight fit between the 
workpiece and the die at (and possibly significantly 

io below) these temperatures. For this reason, prior 
art systems may use a high degree of draft in the 
die cavity to facilitate removal. But, since the liner 
and workpiece can be removed from the hot die 
and allowed to cool separately therefrom, the liner 

75 and workpiece can cool sufficiently to permit the 
workpiece to contract enough to alleviate the tight 
fit between the workpiece and the liner. This facili- 
tates removal of the workpiece from the liner and 
obviates the need for a high degree of draft in the 

20 die and/or the liner. 

The system of the present invention aJso in- 
cludes a means for forcibly ejecting the workpiece 
and liner from the die. In one embodiment of the 
invention, the ejection means includes a pair of 

25 apertures provided in the die and located at a 
central portion of the die cavity surface. The ap- 
ertures connect the surface of the die cavity to an 
outer surface of the die enabling pressurized gas to 
be directed through the apertures toward the liner 

30 and workpiece combination. The force of the pres- 
surized gas pushes the liner and workpiece away 
from the die. In another embodiment of the inven- 
tion, the ejection means includes a cam positioned 
within the die. The cam is positioned proximal to 

35 the die cavity surface so that upon rotation of the 
cam a lobe of the cam moves against the liner 
pushing the liner away from the die. The ejection 
means further expedites the production of super- 
plastically formed parts by eliminating the relatively 

40 slow manual separation of the liner from the die. 
Thus, in contrast to prior art systems which require 
having the workpiece cool considerably before re- 
moval resulting in a very slow production line 
superplastic forming process, the system of the 

46 present invention results in a very speedy super- 
plastic forming production line process. 

Other objects and advantages of the present 
invention will be apparent from the following de- 
tailed description and the drawings. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of the system 
55 of the present invention showing the liner posi- 
tioned within the die cavity. 
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workpiece and which substantially retains its rigid- 
ity within a temperature range used for superplastic 
forming of said metallic workpiece. 

6. The apparatus of Claim 5 wherein said high 
temperature resistant material is steel. 

7. The apparatus of Claim 1 wherein said 
means for ejecting includes a means for directing a 
force at said liner surface adjacent said die to push 
said liner away from said face. 

8. The apparatus of Claim 1 wherein said 
means for ejecting includes. 

tube means mounted in said die, said tube 
mean connecting said cavity to an outer surface of 
said die; 

a source of pressurized gas; 
means for directing pressurized gas from said 
source at said first liner surface adjacent said die 
face in order to exert a force thereon to separate 
said liner from said die, said source communicat- 
ingly connected to said means for directing. 

9. The apparatus of Claim 5 wherein said 
means for ejecting includes: 

tube means mounted in said die, said tube 
means connecting said cavity to an outer surface 
of said die; 

a source of pressurized gas; 

means for directing pressurized gas from said 
source at said first liner surface adjacent said die 
face in order to exert a force thereon to separate 
said liner from said die, said source communicat- 
ingly connected to said means for directing. 

10. The apparatus of claim 5 wherein said 
means for ejecting includes a means for directing a 
force at said first liner surface adjacent said die 
face to push said liner away from said face. 

11. The apparatus of Claim 5 wherein said 
means for ejecting includes: 

a rotary cam mounted in said die, said cam 
positioned proximal said first liner surface so that a 
lobe of said cam movably contacts said liner to 
move the liner away from said die upon rotation of 
said cam; 

means for rotating said cam, said means for 
rotating operably connected to said cam. 

12. An apparatus for superplastic forming of a 
metallic workpiece, comprising: 

a die, said die having a face at least a portion 
of which defines a cavity, 

a liner, said liner removably positioned in said 
cavity, said liner having a first surface positioned 
adjacent said face, the workpiece positioned to 
form against said liner on a second surface of said 
liner opposite said first surface, said liner com- 
posed of a high temperature resistant material 
which is different from that of said metallic work- 
piece and which substantially retains its rigidity 
within a temperature range used for superplastic 
forming of said metallic workpiece. 



13. The apparatus of Claim 12 wherein said 
high temperature resistant material is steel. 
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